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A CATHODE RAY OSCILLOGRAPH TESTER FOR FOCAL 
PLANE SHUTTERS 


Henry Wallman’* 


| HE INTRODUCTION of oscillograpl t 


phi I J ‘ tr j ment \ \ tt on n i ing! 
appears to dat " tvi , or ilt r tub permanentiy com 
ractical wi lc u t ro tl itter t wther hand, th 


Naving long-pet tcn met wel o | i ntinuous production-lin 


I 


ide employment o cl ial ontre t woul b propriate to com 


for testing tt but bine t Various unt ) ing | ontained instru 
hutters luring the \ 
aborat ry at Wright hy 
adoption of the C.R.O 


Description of the Apparatus 
r testing ntral 


th Am 

I ‘ f t f ver, the m amcra | t must fir 
ommended by atz ; ne scillograpl 
graphic-mechanics nvolving cither im 
lamp or a rotating drum Che drum meth volv imera 


for cach shutter-time setting—wrat ping a pl Thema 
film inside the drum (in darkness), bring: 
to known speed posing and 


then int rpreting ther rf arrang: 
imbersome to b mployed for routin ombination of 


The taking of high speed motion mtains in ad 
| 


hutter constitutes a superlatively informatiy ro or | oll Ps pe 931-A mulaphier pl 


ven mor xpensive and tim 


lynod 


photot ity 
rating th light 

a two 

° r ore 1 ; vif r i y { 
Tester for Focal Plane Shutters in Amateur wi Lot ana 


Cameras Taking Pictures Up to 2' , in. Square 


f this note tod 
pparactus for the t 
ographic testing of to 


1 sin 


been mploy 
hnology The unit 
id has been used for testin 
amctTas ncevgati' 
h squal _ but only ligne 
would be needed to permit 
hutters of larger siz 
the apparatus permit 
xposur rim 
ss Of CxposuTl 


rsity st 
or testing shutt 
irable to arrange th 


apabl 


Fig. 1 Shutter tester main unit. Note the three slides 


tor COVETINE and uncovering the three pinholes 
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imag 
len nortan 
After the light 
re collimated 
sf | las ‘ . 
nall glass spheres a n mount with tt 
are reflected by mirror ' , ' 
shown onto the photo ' ter, with lens t 
uthode of the type 94 4 L Dion liagram of th 
photon ltiplies 


the simplest mo 
# the pinholes 1 
losed When the shutt 1 he moving 
# the shutter permit rht to ps gh the op 
The light flux isaf 


the photomultipl: 


cw 


onn { 
» initial trivs 
pot, i th 


we 
slightly 
photo 


CRO 
tllograph 
light flux 
through th 
ther words 


sur proc 


losing | hase 


ight 


times only 
i fcow 


» another 


big. 3 Inside of shutter tester main unit The colli 


mating glass spheres, which lie in the tubes under the 


small mirrors, are not visible in this photograph 


PHOTOGRAPHIC SCIENCE AND TECHNIQI 





im and high shut 100 second 





xposure curves for t che pinholes ar 
sce Figure § ct ower shuttet 
th shurter ul ver Ww than 


inhole at a time, and the thi 


one 


overlay 


[he resulting ascending and 


ase curve 
pinhole 
ro shutter 


rather difhcule to interpr 
eep method ts 
er than abour | 


tage compared with the 


ho ingle swe | 
dane 


applicability ch 
mmon with the 
ther crip pinhole method, below t vielding almost 


practically useful hi informattior 
Block diagram of shutter tester 


but within its rang 


thod has the great advantag 


namely th 
urves at cl mid ind the righe 
film plas hi 
time sett 

ing m 


th 


cecp met ‘ 
ic with sweep ume slightly 
| tim ross the film xposul 
triple pinhol " an | 1 into 


‘ hown itl | 4 ! Ih 


cx 
ig to pinhol l starts at the lower 

urve for the middle pinhole begin 

ind irs for pinhol that tarting 

Th : iat the midd! 
amplitude has no signifi 


if higu f ha 
il I th ting of 
xposure time, and indicates only that the light 
atest at pinhol 2 A triggered vertical sweey 


? 


buile simply or another C.R.O. can b pr | 


Fig. 5 I'riple pin 
hole-—single sweep 
trace. Shutter setting 

1 250s, time mark 
ers 1 ms, actual 
exposure times 7 
6, and | ms 


»impt? 
mn 


timing 


Fig. 6 Iriple pinhole-triple sweep trace 
setting | / 1000 s, aperture ti 


ms 


Shutter 
time markers 0.2 
Actual exposure times are close to 1.2 ms for all 
three pinholes These curves represent by far the best 
results obtained in our measurements of focal plane 
shutters, but the same Camera was very poor at 5s | 
(see Fig. 10) 
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hig Intensity 
modulation (race 
triple pinhole-«riple 
swee| Ihe lengths 
oft the iOoping lines 
sare measures of the 
exposure times at the 
carr sponding pin 
hole positions. Same 
hutter setting tire 
marker intervals, and 
actual expo re times 


asin hig 


smalier time durat than the bas Th 
to pla the chresho v is furth 
fact that th igi he t idua 
limit 
as nadis as tl m f-numb 
vt light 
4) tting 


natg 

tmctet j ‘ asi osure tim 
arly al c abe lisad vantages of 
modulation it I method 
age mention 


" Constancy 


: 


Fig. 8. The circled points are measured exposure times at 
the three pinhole positions, for the shutter settings 1/1000 s, 
1/500 s, and 1/250 s. The measured average exposure times 
are 2.9, 4.6, and $5.5 ms 


Shutter Characteristics Measurable by the 


Apparatus 


n accuracy—An ecxampl 
hown in Figure 8 A ver: 
times at the three pinhole positions permits eval 
ation of the calibration accuracy of the shutter marking 
Note that at the 1/1000 s f setting th 
higu a lisplayed an a 
ma 
Lvenne f exposure act the film plane—Neither ct 

rap widch nor curtain velocity need be constant in 
xposure tim 
; 


leal shutter, but cheir quoticnt that 
be constant Th xample illustrat 
ichin ast atio of maxi 


in Figur 
An ¢xDorure-fime rati 


minimum exposure time acros him plan 


? act a shutter setting of 1 250 sec In oth 
wor me point of the negative ts { 7 times a 
ong as ; ‘ Observe that che ly che 
measurement points flatters the shutt 
ire-time ratio is Concerned 
fancy of peed from exposure ft 
traces from ten cxposul 
time setting The observ 
time, presumably due to varying 
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is about 2 reent This variation ts photographically 


must not be ignored in com 


negligible, but its existence 
paring exposure time at different points in the film plane 
If an accurate Comparison is required one should employ 


a triple pinhole method, or, if the single pinhole method 
is used, the results of three or four shutter actuations at 
each pinhole should This need for carry 
ing out about 10 shutter actuations per time setting ts a 


weakness of thi 


be averaged 


single pinhole method in 
evenness of exposure over the film plane 


Low-temperature performance 


cxamining 
For several of the cameras 
a complete serics of measurements was made at 
temperature, 20 ( 68 | . and at a not-too-cxtreme win 
ter temperature, —~15C (+5I 
presented in Figure 10, and show that the shutter speed 


room 
Some partial results arc 


largc 
when the mechanisms have not been specifically lubri 
ated for low 
gations could be carried out for conditions of high tem 


variation between the two temperatures can be 


remperature operation Similar invesa 


perature, high humidity, et 
light from 


the lens opening to a given point in the film plane, 


Eficsency—-In the cone of rays converging 
each 
individual ray evidently contributes to the 
the negative during a time equal to W V. 
curtain gap-width and V the curtain 
point The effective, or 


ing, exposure time Is thus 


exposure ot 
where W ts the 
velocity at the 
darken 


in question negative 


W/V, 


regar lless of the f-number N ort the distance d between 
film plane and shutter plan The of che 
light cone in the shutter plane is clearly d/N, and hence 
the total, or motion stopping, ¢ xposure time ts 


{ W 4 d/N)]/\ 


liameter 


ot the shutter, is thus 


W 
W 1/N 


The ratio t the efhiciency E 


In the usual case in which the light cone is narrower than 


the curtain gap, i.c., d/N W, so that some part of th 


Fig. 9 


actuations 


Exposure curves for ten consecutive shutter 
Shutter setting 1/1000 s, | horizontal 


division 0.2 ms 
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Fig. 10. The circled points are measured exposure 
times at two temperatures. Note that at + 5 F the shutter 
entirely fails to open over half the negative length, at the 
two fastest shutter settings 


curve of lighe flux vs ume ts flat, it can be shown chat 
te is the time interval between points half way up che 
curve, or equivalently the efhiciency ts the ratio 
whole exposure curve 
and che height 


exposure time in this paper 


exposure 
of the area ot the 
rectangle with base t 


to that of che 
same Follow 
ing usual practice, denotes 
effective exposure time unless total exposure time ts sp 
ihically 

Figure 6 shows oscillographic curve 
the film plane of a certain miniature 
setting of 1/1000 second and aperture {/1.5. It is seen 
that th 10 per 
cent The greater efficiency at the last pinhole ts due to 
a larger gap width W, representing automat 


mentioned 
at thre poms in 
amera, at a tite 


efhiciencies are 50 percent, $0 percent 
compen 
sation in chis camera for increasing curtain velocity, to 
gether with a smaller film-plane to shucter-plane distan 
1 at that end of the film plan 
Che simplicity of formula (3 1 co che 
that no test equipment other than a machinist’s scale | 
needed to determine efficiency The 
valid for shutters of the Graflex type, 
slics, bute does not hold for certain modern small cam 
Determination of d and N ts erivial, bur W 
gal between two moving curtains, is 
surc, and may film plan The 
measurement of efficiency is in face a rather dithcule task 
{ chnique | 


has I asscrtion 
statement is 
which have fixed 
which 
not casy to 
over thy 


well vary 


best accomplished by the oscillographi 
scribed above 

Once I 
formula (3 
mine \ 


1, work back 
from (1 


is known one can, if desire from 
to determine W and then 
For a given shutter setting the eth 


vidently be determined at any len apertur 
known at any other 


Formula 5 


urve 


that ethcies ase the 
<quarer—; é ns i Lopp 
This is illu 


in Figure 11; the incre: in ¢ cncy 18, as W 


shows 


| 


posure hecomes 


lown or the 


exposure time 
trated 
ec, not very rapid 
be ause of the 
urves drawn on the oscillograph will not be al 


hurt 


non-zero size of th pinhol th x 


posure 


solutely square even if the fhciency wet 1k per 


than 2mm th 


nt; with pinholes of diameter | 


howeyv f highs { 


j 


corr tion 1s 
pce 

Ic is inter 
N only 


unimportant 
shutter 
sting to recast formula 


that is to inv tigat Mics 





Results and Comments 


Each of the better known types of 35 mm 
quar ameras with focal plas 
in general with several 


amt 
with the osc 


llographi 
represent 1! chree ountrt é git about half wer 
brand new and directly obtained from 
the others were at most 


am 


amera shops, and 
a month or two old with the ex 
prion of on amera which wa { vid A | 
though the shutters wer at tum 


not badly 
oft ] 2x ; ond 


w longer, at high 
in calibration or larg 
to be the rul 


yuld be expect ] 


ge crrof 
un 


SU time aj 
ig marked 1/50 


with thes 
as, to be no faster than | and a position 
marked 1/1000 second could well second or evet 
Larg X posur cm 


mect ncounte! 
in Many Cases some p. plane we 


ithe times as 
in which th 


pare of the film plat 


these cases showed, a 


The focal plane shutters 


miniatur 
amer: lescribed 


abov 
utters in the facility they 


cntrai 
illow for | interchang 

ond and 
substantiated in f Th 


yu cs 
isadvantage ot exposul tim \ 


ir claim to shutter speeds of 1, 100 


ould not be 





Variation « r the film 
lane displayed by many focal plane shutters in the mint 


ature Cameras we tested 1s excluded in the case of camera 


e such shutters automatically 
all points of the film plane for lly long um 
interval Central shutters d i 
# rapidly moving objects, as focal plane shutters 
1, above all ntral shutter much 

hronize for flash 


with neral shutters, sin 
xpos 
oO not intro: 


l 
iU 


istorton 
il 


focal pla 

herently in apabl of being syn 

lash except for settings in whi 
that is to say, tor setting 


neral shutters, meeting the 1 


an Standards, must operate within 


ctv xposure time markings at | 
and within 30 percent 
s of articles’ on che 


at gre; 
onstructior;r 
miniature camera with focal plas 


shuct 
thac che 


manufacturers aim to hold timing 
higher speeds to 40 percent Only on f tl fo 
plane shutters we tested fell within this 40 


ul and at a temperature of + F chis 


x nt tol 
same shutter 
! ompletely closed ov 
more than half the length of the negative at this tem 
peracure, at both che 1/ 1000- and 


ry poor Ie was, in tact 


Y-secon / scttings 


Ihe most accurate shutter w n 


was an American-mad 
2n This had marked speeds from 1 second to | 
ond and C.R.O. measurement showed 
i txposure curves showing increasing eth be accurate within 2¢ percent 
at decreasing aperture (shutter setting, | 1000s ncluding a verv exact 1 800 

rontal division 0 ms.) 

(A)t 1.5, efficrency 
(yf 4.45 


ountered, irt 


ntral shutt ot 


alibratior 
OV Ts ntire rang 


second setting Alchough 
{ al type, this shutter was rthan th 
so percent ' 

ethcrency 70 percent te 


Al 
(c_j)f ’ ethcrency i 


percent { ] It 


in shutt t ‘ft 
s the auth 
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must be ateributed in larg 
makers systematically employ 
their product 


author's 


performance of this shutter 
part to the face that che 
CRO 
manufacture It is 
C.R.O. t 

j 


associated quality 


cxamining luring 
further che that 
hniques applied to the production testing and 


technique for 
opinion 
mctrol functions in the manufactur 
of focal plane shutters will result in performances more 11 
ine with th 
these 


shutter speeds marked on the shutters of 


miniature film cameras 
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A POROUS-PLATEN PROCESSOR FOR 
PHOTOGRAPHIC MATERIALS IN 


R. Gilliam Rudd, APSA* 


ABSTRACT 


photo ure 


t 
reproduction of documents and nec 


F Rm MANY YEARS th ontact-printing Cy] rf 


sraphi 
were used only where 
The introduc 
room light 
peciii 
transict 


papers made for th 
larkroom facilities were available 


cion of papers which could be handled tn mall-scale locument 


the need for a darkroom for som 
1952 
which did not requir 
opying documents tin an off rT 


mak ux 


eliminat permanent record 1s 


applications In several contact-printing fine the 


process rins Watcrt 
were annour 1 for 
light Thes« 


room processes ofa special for proces 


Ther 
are also conventional types of photograph: papers which 


handled in room light Kodagraph Autopositiv the use of 
stability for 


type of sensitized paper and processing solution busine forms, et 


an hx rins¢ 


Paper, for example, 1s now used extensively as a high 


ontrast positive or as an intermediate from which photo the one-minute 
! ods immediately for 
printer 
! paper, 1s 


ontrast ana 
for making letter file Figure | 


graphic or diazo reproductions can b 


graph R pro N Paper 


; 


print 


Pativ another produ t processor 


hand! in ordinary room light, produces high 


gatives by reflex or print through « xposur 


intermediates for printing offset plates and other typx tabilization method 
However, if the usual process 
followed, the paper 


move the chemicals 


# sensitized materials Photograph 


Ing proce jure ts must be fixed 


wash ! thoroughly tor 
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a permanent record 


reproduction 
not required 
solutions to the 


ing Copics of letters 
in a minute or les 


Watcr 
short-term use and are 
processing ste} 
matling The 
and storage pla 
contain 


papers are sual proc 


achonle citl 
ed tors tigating 
(far Physsh, vol. 9S 


Physi 


PROCESSING 


ROOM LIGHT 


W ashing saturates che paper 


ssitates a time-consuming drying step which 
somewhat limits the use of conventional processing for 


However, if a 
it 1s possible to con 


sensitive surface of the paper 


and to climinate the washing and drying steps altoge ther 
A surface application m« thod is described in this paper 


from period i al 
The oy rations 


pags 


may be performed in ordinary room light and without 


The prints have reasonabl 
sufficiently dry after 


handled or fold ! 


including 


to he 

entire 
for extra chemicals 
a legal-siz 


unit 
in one drawer of 
The paper 1 


processed by the 


ssed by immet 





lopment illustrated in Figure 2 Th ssential equipment con 


onverted sists of a printer ot adequate intensity for posing paper 


ontaining hypo to be handled in room light, two solution reservoirs 


are washed trom two applicator sponges, two windshicid wiper blades 
f 





with a stabilizing a pencil with a rubber craser, blotters, and a porous 
usual developer platen (Figure 3 

tandard fixing A suitable solution applicator, shown in Figur 
j 


indeveloped an be made from a Du Pont viscose sponge shaped on a 


table silver hand saw and coated with colored plastic to form a hard 
j 
lurable handle [he uncut sponge is approximately 2 


7 


ormal! stor by 3°/, inches by 6 inches. a siz ymmercially avatlabl 


mber that the undis Smaller sponges are not as satisfactory because they 
y discolor the paper fo not permit uniform application of the solutions over 
ng bath which is not the entire sheet during the brief processing period The 


! ; 


h che silver image leveloper sponge handle 1s coated with 1 i 


plastic and 
favorable storage the stabilizer sponge with blue plast The sponges fit 
rints may last for snugly in their stainless-stec! containers, serving som 
is that after the what like stoppers for bottles, to prevent excessive evapo 
for which ration and accidental spillag 
a conven >The solution reservoirs, shown in Figure 3, are flanged 
normal way The approximately one inch from the bottom, so that th 
mparable to that of sponge just touches the solution. Wire mesh ts welded 
hotographi print A] onto the sloping back so that ss solution can b 
o mecat is permancnt asa 
vertheless retain 


a period of years 


' | 


may stain ana 


i 1 number of 
print in the bath of 

{ irta Surta 

veral sdvantag 
minimum amount of 
irying Surta applica 
ribed here by 


th mulsion 


Fig Technique of holding paper and applying 


solution 


squeezed from the spong This prevents too much 


solution from being applied to the paper and also 


avoids dripping the solution on the surrounds Actu 
ally, only about 10 cub ntimeters of each solution are 
used for processing an 8 by ll-inch sheet 
The windshield wiper blades (Figure 3) are fitt 1 to 
handles which are also colored red and blue for identi 
hcation Two are required for squeegecing the excess 
leveloper and stabilizing bath from the paper. Onc 
alone cannot be used because the combination of d 
veloper and stabilizing bath on a wiper may produc 
hemical fog in the emulsion in the form of gray streaks 
A varicty of porous materials have been tri {on which 
paper. can be processed Photographic blotters are 
moderately successful, but they deteriorate rapidly with 
use Plaster oft Paris 1s quit Satisfactory in many ft 
spects, particularly because of the low material cost and 
the simplicity of making a platen A block 11 by 15 
inches, | inch thick, is suitable for processing th stand 
ard 8 by 11-inch document and can casily be prepared 
A piece of glass, 7 by 9 inches, approximately in 
Complete unit showing printer and process thick, ts embedded flush with the top of the platen to 
ing apparatus help hold che paper in pla luring the pro ssing ste} 


a) 
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A platen of this type ts made by pouring the wet plaster 
mixture in a mold placed on a plate glass, which ts some 
what larger than the mold The smaller piece of glass 
enter of the mold on the plate glass, 

A number of sheets of paper 
plaster of Paris platen before it 


is positioned in the 
as illustrated in Figure 4 
can he process ] mn the 
loses 1ts porosity 

ceramic porous ‘‘bats’’ which are highly satis 
of absorbing the solutions from many 
Pass and Seymour 


York, 


9-inch 


ope ial 
factory and capab! 
paper were made by the 
Company, In Station, Syracuse 9, New 
with the cooperation of F. P. Hall 4 7- by 
areca of the top was glazed to provide a smooth surface 
to which the paper would adhere during the processing 
steps. The useful life of the “‘bats’’ can be extended by 
periodically washing out the absorbed chemicals with 


pieces ol 
Solvay 


warm water Alchough the absorption rate of the c 
ramic platen is somewhat lower than that of the plaster 
of Paris, it is more satisfactory because of its substantially 
longer life 

For developing the paper, Kodak Dektol or Kodagraph 
strength is recommended. Dx 
proce 


Deve loper used full 


pending on the frequency of ssing, the solution 
an be left in the reservoir for several days and replenished 
until it becomes 


bath ts 


to maintain a fairly constant volume 


| 


xhausted of liscolored The esscn 


stabilizer 
tially a non-hardening bath A suitabl 


ommended ts 


formula tor use 
with the papers re 


KODAK STABILIZING BATH POR PHOTOGRAPH 


this bath ts also replenished to maintain the 


In practice, 
and is discarded whenever the developer 


solution level 
exhausted and ts replaced [he sponges arc 
rinsed cach time new solutions are required. However, 
them from the solutions 


becomes 


it iS NOt Necessary to remove 


Essential parts of the processor: platen, res 
ervoirs, sponges, wipers, erasure pencil 


Fig. 3 
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Fig. 4. Making the 
platen Plaster is 
poured in mold over 
glass plate positioned 
in the center oo larger 
glass plate on which 
mold fits 


as they are not affected by prolonged immersion in the 


leveloper or in the stabilizer baths 


Phe actual processing of a piece of paper ts fairly simple 
Alchough the first few attempts to hold the paper in plac 
while it is wiped with the sponges may seem awkward, 


an untrained usually finds that, after one or 
two trials, the paper need be held in place on the platen 
rubber-tipped pencil only for the first few 
Ic is essential that only the inclined edge of the 


ction of 


operator 


with the 
seconds 

spon ge he applied to the paper and that the dit 
the brushing be approximately from the center to the 
end of the paper, overlapping at the center 
stroke The sponge is inclined always so that one edge 
is used for one direction and the ed ge for th 
other, and the motion ts in the 
It is equally important that a very light pressure be ay 
emulsion by 


with cach 


Opposit 
direction of inclination 


ied to the sponges and that the entire 


wushed, particularly the corners The technique 1s 
somewhat similar to applying paint with a larg brush 
downward but toward the ends of 


the pressure is not 
A rapid and uni 


the paper, as illustrated in Figure 2 
form wiping of with the 
form of agitation which accelerates development and 
stabilization, is necessary to achieve uniform results 


brushing action sponges, a 


The following procedure is suggested Moisten the 
platen with water if it is thoroughly dry A damy 
platen will reduce the tendency of the paper to 
while the solutions are 
of paper between 


curl and 
will facilitate holding it in pla 
being applied. Place the exposed px 
moist photograph blotters for 10 to 15 seconds After 


d 


has been removed from the developer reset 


the sponge 
voir, press it firmly against the inclined screen until che 
te veloper no longer runs from it Place the cx pos 

sheet of paper on the platen, holding it at one end with 
the pencil eraser. Rapidly brush the sponge over ch 
surface from the center of the sheet toward the 
end, making several rapid applications to moisten th 
Move the crasct 


{< vi lopet 


opposit 


emulsion thoroughly and uniformly 
to the end first brushed, and quickly apply 
brushing from the center to the dry end. Repeat che 
ycle as rapidly as possible for approximately 20 second 
image 1s fully developed Replace th 


developer reservoir and wipe the 


or until the 
sponge in the 











} with che 


ution from the paper developer 
end of the 

ing the solu 
il to the other 


Take the 


zing 


wiper blade This is done by holding one 


paper with the eraser and lightly squec ge 
rion to the 
nad of the 


tabilizer Pon pe from it 


Opposit nd Shift che pen 


| operation 


paper at 
and, after 


lined 


itralize the 


ccTVOtT > UCE 


the ex from the sponge on the in reen,. touch 


che pong with th rascer to tm leveloper 
and juickly apply th 


of the 


on it olution to the entire emul 


ion irtac 
T 


paper [his operation must be don 
event streaks from forming 


of streaks 1s to 


is fapidly as po ib] °F 
tl 


Che simplest way to a‘ 1¢ formation 
hold th paper at on na 
but lightly, brush toward the opposite end, first one end, 

then the hifting th 


ontinu th 


with the eraser and quickly, 


other pencil to the Opposit 


ach tm ( application of stabilizer 


approximately 20 seconds Repla the 


stabilizer 
XCCSS solution 

Iwo com 
sufficient to 


pong in the reservoir an qucc ge th 


from the surfa with the stabilizer blade 


trokes in cach dit usually 
all of th 


) sod print with a dry blotter and pr 


tion af 


urta olution completely Cover 


it firmly 
in contact with the paper The stabiliz print is then 
finished and ready for u 


Alitchough iff rent 
| on 


ty px of photographic material 
platen, it 1s intended pri 
paper in light 


' 
Piithe 


an be porou 


pro 
marily as a device tor room 


ind 


processing 
larkroom ta 


ntioned can b 


without the usual 


handled 


light by 


Th photograph 


papers m 
and pro on th 
working rapidly 
lighe tor th 


The term 


porous platen in room 


o that the paper ts exposed to the am 


hient minimum time consistent with good 


room light’ ts somewhat indeh 
thos work spaces 
1 from 


nsity level 


het it applics to 


illumination ts obtain 


| 


}r lominant 
tungsten lamps and does not ex in int 
of from 10 to 15 foot 


Davlight an 


andl is measured with a light 


{ fluorescent tllumimation are to 


d. because both thes ources of illumination 


hin actinic light and will fog most types of sens! 
ommend { that 
onditions be established by 
lo test Kodagraph Auto 


with an 


tized photographic material le ist 


ife stlumination making 
i test in the working area 


Paper, expose a sheet of it in contact 
known to give 


ommended 20 s 


positry 
a Satisfactory 


onds on 


wigmal for a tome which 1 
opy, then develop it for the r 
platen and stabilize it, shi Iding the 


light An 


working ondition 


rh porou paper 
absence of 
Kodagraph 
hould be processed under th 

printer exp sure The 
whit Kodagraph Auto 
and Kodagraph Autopositiv. 
property of 


from direct 


i mu h i pus ib] 
} ites a saf 

. pro Ni vative 
im onditions but withewt a 
! heet should by 

Papert Thin 

both have the 


Paper 


Ixtra 
Paper lranslucent 


producing excellent-quality 


unigt 


high-contrast positive re 


productions from positive originals when developed in 


the normal! way and fixed cither in the usual manner or 
stabilized according to the lescribed here 
Kodagraph Autopositive Paper, Extra Thin, ts suitabk 
for reproducing a single-sided original in one step by the 
print-through method An original printed on both 
sides requires a reflex exposure and, since this produces 
print 1s made, using either 
Paper, or as is often don 
When a reflex-exposed print 
intermediate for printing 
Paper mor 
higher transmission of this 


procedure 


a mirror image, a second 
Kodagraph Autopositiv. 
fiazo or blueprint paper 
is to be used as an diazo 
Kodagraph A utopositive 
used because the 


permits high 


Translucent, is 
generally 
material 
printing operation 

For making intermediat 
processed on the porous platen in room light, Kodagraph 
Repro-Negative Paper is used This paper ts exposed 
either by the print-through method or the reflex method, 
and 1s a satisfactory negative material for printing photo 
graphic copies or sensitized offset paper plates 

Projection prints can be made on contact printing 
paper suc h as Kodak Azo Paper, Grade 3, from micro 
film negatives in subdued room light and processed on 
The tungsten-illumination intensity 
excec i 2 toot 


printing speeds im the diazo 


negatives which can b 


the porous platen 
where the paper 
candles, but the general room illumination can be much 
This application ts unique as it offers the poss: 


Is handled should not 
higher 
bility of obtaining quickly for short-term use positis 
reproductions from microfilms where darkrooms may not 
A brighter lamp than the standard en 
rinting time 


he available 
larger lamp is needed to reduce the 
ciently so that the paper its not fogged by the room light 
luring the exposure period For example, by replacing 
the standard lamp in a Kodagraph Micro-File Enlarger 
Model A, with a No. 1 Photoflood lamp, an exposure of 
15 to 30 seconds at f/8 and 8X magnification will pro 
microfilm 


suffi 


luce satisfactory copies from an average 


negative 
There are, undoubtedly, 
porous-platen pre 


other 
may be 


many applications 


cessor a useful 


where the 
adjunct to the photographic process for a specific pur 


yt ms 
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NOVEL PHOTOGRAPHIC TECHNIQUE FOR 
PREPARING HALFTONE MASTERS FOR 
DIAZOTYPE REPRODUCTION 


H. Carl How” 


ABSTRACT 


A NEED has long existed for a rapid and inexpensive 


method 


subyec ts in 


tf reproducing continuous-tone photography 


quantities less than one hundred copies 
With text or line drawings, reproduction isn't much of a 
problem Almost every office has a Mimeograph, a 
Multigraph, a Ditto Ozalid 


some other rapid and inexpensive /ime duplicating method 


machine, equipment, of 
But the problem of reproducing contimuous-tene art in 
small quantities usually poses the question Shall we 
use photographic prints or photo-offset printing? 
hundred 
cvcry 
that at 
least an equal number of administrative reports, business 
reports, accident insurance reports, and the like are also 


Mast ot { 


perhaps twenty-five to 


It has been estimated that approximately fiv 
published in this 
year on technical subjects 


thousand 1 ports arc ountry 


alone It 1s probab! 


published annually these have quite limit 


j 


listribution fifty cop an 


most of them include photographic illustrations There 


fore, the question of method must come up at least 
million times cach year 


Whether 


sclected 


photographic prints or offset-printing 1s 


than tet 


hundred, the cost per re 


as long as quantities of more Opies at 
involved and less than 
! ! page ot th 


produced 
twenty or cven fitty 


(wo 
tone material is going to be ten, 


times as high as the cost per repro 


material This means, of course, 


think 


material 


luced page of the line 


that the man preparing the vyoing to 


twice about using photographs or other ton 


report is 


n his document 


The Diazotype Printing Process 


There isa third alternative to the question ot offset 
versus photograph printing 
a rapid and inexpensive means of producing 


Ic is called diazotypx 
printing 
continuous-tone subjects on diazoty pe paper by means of 

i Figure | This method has 


a screcencd Positive mastct 
conomic virtue of requiring only very 


the outstanding 


moderate first cost and quite low unit costs per repro 


luced copy In addition 


it falls squarely within the 
lomain of che photographer 


of benefit tn 


Properly exploited, it 


could not only b ncouraging wider usage 
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of photographic illustrations, but could also enable us to 
participate in a good share of the business of reproducing 
ontinuous-tone tllustrations for the million or so limited 
listribution publications turned out annually 


The idea of using diazotype prints to reproduce tone 


illustrations is not original, nor ts it even very recent 


However, like any new process 
tricks of the 
A number of photographers who 
this 


| articularly in photog 


raphy, it involves track that have to be 


learned the hard way 


} 


lave experimented with process at one time or 


in ther have run ul against litt ult 5 and probably 

from the lack of sufficient motivation than for any 

attempt 

Central Photographic Laboratory of the Naval 
Test aA backlog 


of several months orders fot photographic prints, and 


al reason—have abandoned the 


i 


inan Station was confronted with 


this backlog was steadily growing For a number of 


reasons, increasing the staff or subcontracting more than 


a fraction of the work was impossiblk A new and rapt 


way to make prints had to be found The diazotyyx 
printing method was resorted to in desperation and it 


! The Los Ang les Polu 


faced with a similar problem, has gone through the sam 


solv the problem Department 
| | 


volution and found in the diazotype print an answer to 
their problem 

The process has been developed to a practicable stage 
Act least two local photographic activities have used it 
and the 


photo 


successfully over a period of several years, 
im the 


improve 


know-how’ 1s now available to anyone 
graphi Although a good many 
ments still need to be made, the 
method even in its present stage offers such outstanding 


protecssion 
diazotype printing 
advantages and opportunities that every photogray her 
should familiarize 
of his stock in trade 


umself with it and adopt it as part 


Preliminary Investigation 


Initial experiments with continuous-tone subject 


involved the making of posifive transparencies without 
halftone screen It that 
sort gradation positives on film would reproduce to a 


the use of a was found very 


moderate degree of quality However, cach negative 


was an individual problem, and usually required many 
tcst x posul 5 


and offered 


It was far from a produc tion te hnique 


onfirmation that contin 


uous-tone diazo print suuld be mad 


littic more than 
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king luc to 


roduced much 
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1v re} 
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133-line 


to 


that a 


red 


juraving 


pr u 


on 


mad 


ipject 


to find informa 
In 


! manuta 


addition, 
ot 
were 


turers 
a materials 
¥ th 

information 
had m 


Th 


any 


magenta halftone 
Attempts by 
t with liccle 
abar project would 
promising 


cencountere ! 


latch t 
Many 


nts with 


if 
pitfalls 
halftone 


th 
avoiding most of 


iv more 


were 


screen but 


Fineness of the Screen 


155-1 


i Magenta contact 
bsequ nt investiga- 
Ie 


next finer gradation 


Whether « 


ptimum reen an 


150 


an 


en 


| re not it « 


al for 


tail 


all 


ontrol ent 
y be ony) 
of su h 


that 


x 
the 
om 


AltzZ 


f re 


the positiy y must 


tf th 


transparen 
sam 


use 


for 


typ ! in photo 


cngraving and the same 


ult is high contrast, with che 


the full burden of creating the 


prints made from 
approximately | 


Re produc tons trom diazoty pe 


Projection Screening 


The simplest method for making the screened positive 
wobably be the first 
not mean 

it is just 


is by projection, and this should 
method for anyone to attempt 

that contact methods are particularly difficult 
that a stare must be mad and more peopk 
probably will have enlarging equipment than will hav 
ot Vai 


This loes 
somewhere, 


ontact printers suitable mstruction, of uum 
printing trames 

A 
ment (Figure The negative is placed 
with the emulsion toward the light source 


ondenser-type enlarger 1s the recommended 


+ 


4 


equip- 
in the holder 

This is the 
reverse of the procedure for making an ordinary photo 
graphic print The reason for chis is that the resulting 
transparency through the back, 
hence, during the later printing operation, the emulsion 
of the will be in contact with the light 
sensitive coating of the diazotype paper 

Focusing and composing are done in the usual manner 
In our operation we compose with 


will read ‘‘right re and 


transpare ney 


on the enlarger base 
an opaque mask backed up by white paper as a focusing 
aid 

Beneath the mask, which should be taped down to the 
enlarger base along one side, the photomechanical film 
should be placed with the emulsion side up. The 
magenta screen is laid on top of this, emulsion side 
On top of the whole assembly, a clean piece of 
1 to fairly good 


lown 
quarter-inch plate glass is place 
contact of the materials 

Where the type of work permits, a printing frame 
be used in place of the above arrangement. However 
it has been found that this simply added an extra com 
plication with no particular advantage gained 

If the lens ts stopped down to abour f/11, exposures 
will of che thirty seconds to one minute 
lepending, of course, the d of the 
All of the usual enlarging techniques, such as dodging, 
printing-in, and so forth, may be employed 

Development is carried on in the manner recommended 
by the manufacturer for the particular litho film being 
used. Usually two to half are 
require far 68] 


assure 


can 


be order of 


on ensity negative 


two-and-one minutes 


134-line screen positive The reproduction is 


4 che original size 


transparencies 
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CONTRAST CONTROL FOR PROJECTION SCREENING 


Ve" PLATE GLASS 
MAGENTA SCREEN 





~ PHOTOME CHANICAL 
rim 


CONTRAST 2 
Ve" PLATE GLASS 


MAGENTA SCREEN 





EMULSION 
PHOT OME CHANICAL 
rim 


Fig. 2. Methods for controlling the contrast of half- 
tone screened transparency films used for diazotype 
printing when projection printing is used 


After the transparency has cleared in the hypo, it 
should be inspected and evaluated. If it has the same 
shadow and highlight detail as a good lantern slide, 
it will produce a good diazotype print. If the contrast 
does not seem to be sufficient, increased contrast may be 
obtained in another exposure by simply turning over the 
screen so that its emulsion is towards the lens 

In contrast to the method of reproducing continuous- 
tone subjects, letterheads, captions, callouts, and all 
other line work should never be screened, but should be 
incorporated into the finished transparency by separately 
printing on a suitable contact printer. The operator 
should bear in mind, however, that the film is quite 
sensitive to light by comparison even to enlarging paper, 
and that exposures will therefore have to be short so that 
both clements of the exposed transparency will develop 
to the proper density in the same time 


Contact Screening 


Having mastered the projection screening technique, 
the operator may wish to try his hand at contact screen- 
ing. He will immediately discover that not just any 
contact printer will work. An analysis of the projec 
tion screening method reveals that the light source ts 
collimated by the condensers of the enlarger and ts 
reduced to a near point by the lens iris. With this 
clue, 1t becomes apparent that our contact printer must 
be of a type that provides, in effect, a point source of 
light producing a near-parallel beam 

If no suitable equipment is available or can be modified 
to meet this requirement, a printing frame can be used 
together with a small intense light source located five 
or more feet away. However, with this arrangement 
close contact between the clements in the printing frame 
will present a problem. The obvious answer—a vacuum 
frame—will be found not so obvious when tricd, unless 
very low levels of vacuum can be maintained 
much pressure between film, screen, and glass in the frame 
will give rise to Newton rings—which, of course, will 
show up in the end product 


Too 
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In experiments at the Naval Ordnance Test Station, 
a Morse Aerial film contact printer was used. The only 
modification necessary was to change the light source 
from a 15-wartt frosted lamp to a 100-watt, 20-volt 
double-coiled filament lamp. A 20-volt transformer and 
a Variac provided great control over exposures, both for 
screening halftones and for captions and other linc 
matter requiring much less exposure. A ee prob 
lem is to screen several negatives on one page by contact, 
as well as their captions, callout arrows, and running 
heads. Double printing in the usual manner on photo 
graphic paper, ts, at best, difhcule particularly when che 
negatives are of different gamma and density as frequently 
happens 

so screen by contact, the three clements necessary 
that is, the negative, screen, and photomechanical 
film—are placed on the contact printer in that order (Fig 
ure 3). Normally, the negative ts placed on the glass 
emulsion side down toward the light (contrary to photo 
graphic contact printing practice). Next, the screen ts 
placed emulsion side up, and then the photomechanical 
film is placed emulsion side down. This ts the order for 
effecting the lowest possible contrast 
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| CONTRAST 


j en) souRce 


controlling 
films for 
diazoty pe 


Contact printing methods for 
halftone screened transparency 
production printing using 


Fig. 3. 
contrast of 
photographic 
material 


One grade of contrast greater can be achieved by turn 
ing the magenta screen over so that the emulsion side 
isdown. To produce a third grade of contrast, the screen 
must change places with the negative, and the screen 
must then be turned back over so the emulsion is again 
face up Exposures are of the order of §O seconds at 20 
volts for screened subjects, and 10 seconds at 10 volts for 
line work and captions 

When the final positive transparency has been pro 
duced, highlights can be pointed up and other retouching 
performed as necessary. All of the usual retouching 
techniques employed by photolithographers can be 
used here to advantage the positive is then ready for 
printing 
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Robert N. Wolfe and Francis H. Milligan*® 
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lamps 


» ph Ti 
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ATIVE PHOTOGRAPHIC EFFK 


Light Source 


Primary photographic standard? 


Washington mean noon sunlight 
Roc hester 6 sul 
Zenith blue sky 


Zenith overcast sky 


Tungsten 
Tungsten 
Tungstet 
Tungstet 
Tungster 
Tungstet 
Tungst 
Tungst 
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ury 


Argon, 2 


watt 


2353 K tungsten + 


Davis-Gibson filter 
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PROBLEMS IN THE DESIGN OF AN 8MM 
SOUND-ON-FILM PROJECTOR 
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Film is racher saff compat tape, which ts 
ised for magnetic 1 rding on most 

ordet bor 
KCC] 


rolls of 


magrict tap 


a licel lithculte co 
t with the head Also different 


irl in chem 


that reason, itt mor 


min good conta 


him iil hav lifferent unt 


o that a contact device must maintain contact even 
though there 1s a varying amount of film it 
self. Of course, if che film is damaged or there ts 
much curl in it, it may be impossible to get 
uch films are in the minority 

The problem of flutter is very bad in 8mm film because 
the magnetic striping ts eS d along the ourside edg« 
ot the sprocket holes Vhen the sprocket holes are 
punched in che film, there is naturally a 
the film at that pointe 
the film around if an 8mm mag 
film projector, sprocket hole flutter will be intro 


luced in the recording and playback mechanism \ 


url in che 
too 


contact, but 


leformation of 
If che usual method of putting 
ic soun | frum 1S USC ! on 


neti 


Fig. 1. Recording and playback head of the Movie- 
Sound 8mm projector showing the Roto-Magnetic Sta- 
bilizer 


sound system has been developed to overcome the 
mentioned This system, described i 

Patent, is called the Roto-Magneti 
It utilizes a principle which is called a 


lifhculties just 
a pending U. § 
Stabilizer 
combination ot tight loop and loos« loop systcm 

The loose loop system, used on carly 16mm sound 
projectors and some modern ones, 1s capable of excellent 
sound results. One disadvantage of such a system, how 
wows’ in the mechanism 
or in and out of focus with the light beam if the film has 
excessive curl This difficuley was largely overcome by 
changing to what is known as the tight loop system that 
For 35mm 
and 16mm films the tight loop system seems to work 
quite satisfactorily, but when it is tried with 8mm film 
ic gives difficulty. It has a tendency to damage the 
sprocket holes rather casily and, because of the close 
ness of the sprocket holes, it makes such a machine rather 
lifficule to design so that it can be threaded properly 


ever, ts a tendency to produce 


is widely used on sound projectors today 
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Fig. 2 The 8mm sound film projector ready for 
operation. The demountable reel arms fit in the cover 
of the case, which also contains the speaker and the 
microphone, so that only one case is needed to transport 
or store the entire unit 


[he dual flywheel system of recording and playback is 
a tight loop system that gives very good results with 
35mm and 16mm films but when used with 8mm film it 
seems to have certain disadvantages 


For those reasons, the Roto-Magnetic Stabilizer was 
lesigned to use the tight loop system only on the take-uy 
side of the record and playback head 
intermittent and the record playback head the loose looy 
Sut h a system makes the 
to thread, it 1s easy on the film being handled 
comparatively simple to build As shown in Figure | 
used as in the doublk 
ment on the Roto-Magnetic Stabilizer th 
doubl different 
the drum next to the take-up sprocket is mounted a 
It wa 


Berween the 
system is used projector cas) 
and it ts 
two drums are flywheel arrang: 
However, 
flywheels are used in a manner. Or 
rather large flywheel which floats on the shaft 
necessary to use this rather large flywheel in order to get 
good film motion at the slow speed at which 8mm travels 
Ic floats on the shafc to avoid injuring the film when 
the mechanism first starts. On the back of the other 
frum is a rather small flywheel. This tends to hold th 
film tight between the two drums as it goes over the ree 
ord and playback heads 

The drum « 
with an edge 


ontaining the large flywheel has been mad 
tapered 
manutacture so that the film has a tendency to run to th 
outside edge and against the guide on the edge of th 
This that che lige of the film 


ontaining the sound stripe is always in line with th 


guide and has been slightly in 


frum means outsid 
record and playback head and this is done automatically 
whether the 8mm film has been slit oversize or undersiz 

The other rubber tir 
which has a tendency to grip the film so that the film 1 


ound drum is covered with a 
always held back at a uniform tension 
[he intermittent motion 


is filtered out just before the film reaches this drum so that 


as it pass $s over 


the record and playback head 


by the tame it reaches the record and playback head ther 

intermittent motion left in the fhlm 
ord and playback head and on the era 
head is maintained with small rollers 


is no trace of the 


Contract on ther 


In building an 8mm sound-on-film 


pro} 
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impossible to adopt very muc h of the conventional 8mm 


silent projector design For example, most silent pro 
jectors have a universal type of motor with a brush typx 
Such a motor can be quite small and it also 
close to the rest of che 


smm 


commutator 


an be placed quite operating 


mechanism on the projector In an sound pro 
jector, it is impossible to do this because there 1s so much 
noise created by a brush type 


It is much simpler to use a motor without 


motor or a governor 


cy yx motor 
brushes chan it is to try to get the noise out. Even so 


the motor ts likely to cause electrical disturbances and 
for that reason it 1s a good tdea to get the motor as fat 
Bodine 
onstant speed motor was selected and placed on the 
back of the 


he ad 


away from the recording head as possibl \ 
machine as far away as possible from the 


sound Conventional projectors have always 


used high speed motors because they are cheaper and 
also because the higher speed gave them more air for 
ooling purposes, which was needed with large lamps 
While from this 
standpoint, they are more noisy than slow speed motors 
A slow 


high speed motors are satisfactory 

and a high speed fan ts rather noisy in operation 
spec {1 motor was sclect d, theretore , an la slow speed fan 
to deliver a volume of air to cool lamps up to 750 watts, 
from cither the moror or the fan In 
rojyector, the reel arms are taken from the 
1 in the lid of the case, 
so that che 
ight of the 


without nois« 
storing the 
machine and pla which also 
ontains the speaker and microphone 


Figure 2 The we 


whol 
unit fits 
machine is approximately 35 pounds 


into one cas 


[he machine comes with a two channel amplifier for 


recording purposes It is possible, therefor to record 


from a mi rophon and from another source of sound 


same tim The two signal 


can be mixed together so that there ts back ground 
sound effects level of che 


music ate independently controlled \ 


such as a turntable at the 
sour 
music Of behind voice, and the 
voice and the 
headphone jack is provided so that the mix can be mont 
of recot ling \ 


available as an acc 


rored at the cme separate mixer with 


everal channels 1s essors 
Figure 


volume cated by a 
built 


mall neon lamy 


has been into the record and 


so that any old signal automatically 


the new signal is recorded, when the 


HLARS 


. 





Control panel of the 8mm sound film pro 


pector 





TIME-LAPSE CAMERAS AN 
John R. 


istriai 
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MX) fram 
if 
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tiv 
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yperatiotr 


orm at 


alizing that 


ond wet 


16mm 


ording, and proceed 
the film is rewound 


and projects a 


tf into the 
If for 


w recording 


gy is done, 


rojcctofr any 
ording 1s not s: d an 
immediately mad k will be 


is being re 


1 
son, tne re 


an b 


as the 
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ana crasc 


new one or 


D THEIR INDUSTRIAL USES 


Huffman” 


j ,] 
and » horsepower 
the | ictur The old 

d by a 24° opening on 

the piece of paper 
tripod mounting 


Figure 2 


shown Figure was 


hi 


| by the simple gear 


sign original motor in 


repla train 
110 v 


shutter 


synchronous motor seen i 

was replace 

in the pict 
The ( 


and 


not shown 
more visible ur 
rted behind it 
ker, 110 


ymmon modifications of th 
Wh 


mad 
nse mount 


v. switch, wiring seen i ar 


GSAP 
at 100 


it 


ora 


n this tram minut 
ofa 
an operation on 1ts 


4) and 200 frames 


pet 


125 minut 


Camera ope ratcs 


second exposure will recor 


50-foot magazine of him 


f Opec 


hanges to minut with corr 


pon ! 


per 


and running 


ing increases and dect 
flected th 


amectfa 


ascs in xposur 


tim ar by speed selector unit already 


Research Applications 


the 
interested 


tally within past fiv 


The if 


Fig. 1. First USC time-lapse camera constructed from 
V mtor 
ute 


16mm camera, operating at 100 frames per min- 
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Pick-up or Put-down Load 
, 


Turn In Back Out 


|. Drive Forward 

~2. Back to Starting Position 

Fig. 4. Diagram of typical fork lift truck operation 
investigated by use of time-lapse cameras 


1 in alternate periods of coasting, powet 
1 braking which did not occur in the 11 


application and 
to 14-frame cycles 4 similar analysis of interindividual 


f showed that the most skillful operator braked 
and generally opet 


These sult 


rapidly, coasted little or non 
truck at higher speeds than the least skillful 
became desirable to add the time required to 
ate the truck to element tim 
operator motions, the film was avatlabl 
analysis vielded th lesired information lt 
ly data in this tashion ts 


the 


analyz time stu 
g the comparison of stopwatch lata taken by 


wh r res arch peopl 


| 
uk 


research® con ted by Prot. W. J]. Richard 

ot Lehigh University has utilized a time-lapse camera 

Fig. 2. GSAP 16mm magazine film camera adapted | j 
to quit the paths employed, an 


for time-lapse photography The speed selector al 

ready incorporated in the camera provides speeds of tin , oun ‘ yy fork lift trucks operating in 

$0, 100, or 200 frames per minute remen I ium Siz tal working plant 
film tf guation which 

la given 


t 


the cm 


with asp 


knowledge ¢ activin 
Oemotio4r 


ompani ountery Thi ha 


Iwill 


mm whi he ¢ , : Fig. 4 Details of conversion of GSAP camera (Pig 
2 fom al “ “ee 2) to time-lapse photography. Original motor, upper 
. . . left, has been replaced by new synchronous motor 

timing f I hes : tv v shown mounted on the camera cover in lower left 
i ' ' ; | 4 new gear train has been installed A new shutter 

with 24 opening is shown with white paper inserted 

behind it for visibility in the illustration Lens mount 

tripod-mounting bracket, 110 v switch, and new wiring 


have heen added 
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Fig. 5. Lights attached to the trucks are switched on 
and off in different combinations during coasting, brak 
ing, lifting, and tilting, or moving in one of four speeds, 
to indicate what is taking place at the time the sequence 
pictures are recorded on 16 mm film at intervals of 0.1 


slightly different, and perhaps prophetic, time 
amera application has been reported by the Bell 
‘ Faced trafh 


ompany's Industrial Engineering 


la pe 


and Howell Company 
that 


with congestion 


at an levator 


Department decided to ascertain the nature and magni 
a of the problem by sampling. Their sampling 
levice was a 16mm motion picture camera with an inter 
val timer. Their sample consisted of time-lapse ex 
posures taken automatically at intervals of cight seconds 
Since a 100-foot roll of film was sufficient to record activi 
ties for a period of eight hours, the data needed to solve 
the problem were obtained very economically 
statistical analysis suggested an appropriate answer to 
the problem; the application will suggest many others 
to any industrial engineer 

The increased use of the time-lapse camera has resulted 
from industry's growing effort to establish facts about 
materials handling operations. Since materials handling 
is commonly considered the remaining industrial 
cost that can be reduced substantially, there is every 
reason to believe the time-lapse camera will find increas 
ing use in such studies. Investigators who use photog 
raphy to analyze material handling operations will 
discover its possibilities as a sampling device and find 
even more interesting applications for this industrial 
enginecring tool 


Some 


one 
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AN APPARATUS FOR 3-D CINE-PHOTOMICROGRAPHY 


Zane H. Price* 


| HE IMPROVEMENT Of the optical microscope since tts 


450 years ago has been evidenced in two 


ome the 


invention some 


lirections First has refinement of the instru 
ment through changes in design for greater comfort and 
improved adjustments, better optical acces 
ori and more effective 


The secon4 phase of improvement recognizes 


ficiency, 
methods of tllumination and of 
re solution 
the optical properties of the object under scrutiny and 
onsiders it as an essential part of the optical system 
Such efforts development of th 
larkheld, th {, and che 
MICTOSCOPes 
Regardless of the 
low power 1 Greenough, the object ts observed in two 


have resulted in che 


fluorescent, the infrare phas« 


type of microscop other than the 


limensions only and the observer must resort to constant 
School of Med c, Univ ity 
ed at the PSA National Conver 


1 1953 k 119 Seprember 


fine focusing and his imaginative experience to creat 
an idea of a third dimension 
Stercomicrographs obtained with a compound micro 
scope became possible with the advent of photography 
The object is tilted on the stage of the microscope at ap 
proximately 7° and one exposure made, after which tt ts 
tilted to the same degree in the opposite direction and 
the second exposure made. The 16 mm lens ts usually 
the shortest practical focal length objective for use with 
this method. Higher magnifications do not provid 
enough depth of field, and the half-condenser aperture 
method must be employed. This technique requires 
opposite halves of the condenser annulus covered with 
an opaque material for cach successive exposure Both 
methods involve photographic representation and ar 
confined to still objects 
The advent of polarizing sheet material made possible 
both visual and photographic microscopy of moving 
as well as still objects. 3-D visual microscopy with th 
PHOTOGRAPHI( 
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upplied by Bausch and Lomb Optical Co. (Figure 


The set consists of two ocular caps and one split polariz 


ing filter with an ortentation arm attached One halt 
polarizes in a direction parallel to the 
other half at right angles to the handk 


Che polarizer 
must be inserted in the ring below the substages with the 


handle pointing directly away trom the observer This 
splits the field vertically 


One the caps ts n the right 


handle; the 





ocular with che 
white line on its rim oriented vertically, the other cay 


Fig. 1. Schematic _ is set on the left ocular with its white line horizontal 
diagram of field split The 


microscop now ready tor stereo observation of 
ting polarizer illustra ——— a photogray hy 
ting perpendicular 
planes of polarization 


Light Source 
horter focal length objectives 1s accomplished through 


A high intensity light source ts 
the use of a binocular, mono-objectis mi 


ssential because of the 
absorption of the Polaroid filters, and the beam splitters 
In the condenser annulus of the microscope is placed a 
' atta | ¢ cameras A §00- to 1000-watt biplane 
lisc of polarizing sheet material consisting of halves 

hiament ) projection lamy usually will provid 
in which the lines of polarization are at right angles 
Figure 1 Thus, the light reaching cach ocular vi , ats 
brates in a different plane By placing polarizing she 
material above cach ocular in 


TrOScCOre 


such a manner that th 
plane of polarization corresponds to that of one half of 
the condenser annulus, two separate beams of 
merge from the microscopy 


light 
Inasmuch as the two 
beams of light come from opposite sides of the specimen 
reoscopic microscopy with 
the compound microscope ts now an accepted | 
practice Three - dimensional cin 
thus becomes a possibility The 


is tO present a m thod of « 


a stereo image is seen ot 


aboratory 

photomicrography 
purpose ol this ps 
perating the motior | tur 


amectfra in syn hr fALIOT 


The Microscope 


Any standard binocular, mono-objective mict 
may be used provided it has 


a filter ring attach 


ondenser to hold th plic field polarizer 
with the l6mm objectiv 
nser should be detachal 


The Polaroid Filters Fig. 3 Iwo Bolex 
16 mm cameras 
The {imensional eff s with the microscope at mounted back to back 
1 by the us lard Polaroid filters on camera carrier for 
stereo cine-photomi 

crography 


obtaine set of stan 


adequat illumination, but it may be n 
CO an are 


cessary to resort 
lamp at times, particularly with color materials 
or the phase microscopx Che lamp ts adjusted for stand 
ard Kochler tllumination 


Cameras 


Any lo6mm or 35mm motion pictur 
ised provi ling the design of th 
th film apertur ot ach 


amera may be 
amera permits placing 


amera over the respective 


culars of the microscope Because most binocular 
microscopes have an ocular separation of not more than 


the and one half inches, the cameras must be placed 

ther The H-16 Bolex heen found satu 

the two cameras af F 1 back to back 

Fig. 2. Stereo polarizers arranged in respective posi ul [his of course mes film muse be 
tions for use on a binocular microscope rojection 
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The Beam Splitter adily obtainabl [he parts essential for mounting 
the equipment can be ordered from the factory or from 
a distributor by part numbers (Figure 4 
When cach element of the system is mounted on th 
Shop Smith carriages and properly aligned, a very efh 


' 


rent cin photomicrograph unit results 


Camera Carriage and Synchronization 


[he camera carriage insures a method of holding and 
aligning the two cameras over the oculars of the micro 
opm The design worked out for this unit was rela 
tively simple and casy to construct It provides S-way 
adjustment for each camera, cast, west, north, and south 
and movement away from vertical to compensate for 
must gculars which are tilted to the left and the right on some 
ve Sho; makes of microscopes [The whole mechanism can be 
Smith ts a t at an angle to the horizonta! to allow for oculars 
isc, an chat are inclined toward the microscopist 
Synchronization of the two cameras, vital to two film 
}-D motion pictures, ts obtained by a single shaft which 
has two spron ket gcars mount 1 on it The whole in 
turn 1s fitted to the camera carrier Che sprocket gears 
are movable on the shaft to provide for lisy lacement of 
the cameras The sprocket gears have Allen screws to 
ock them once they are aligned with the camera The 
ameras have a similar sprocket fitted to their drive 
shafts and it 1s connected to the universal shaft sprocket 
by a small sprocket chain The chain allows the two 
ameras to be culted right or left from the vertica 
The whole drive unit ts operated by a suitable synchro 
nous motor to run the cameras in phas 


Conclusion 


\ ptable three dimensional cine-photomicrograph 
an be made with the binocular, mono-objective micro 
cope equipped with a Bausch and Lomb stereo polarizing 
t Che apparatus for holding the two cameras abov 
the oculars of the microscope and running them in phasi 
" 


n not be claborate, but means must he provide 1 for 


aligning the cameras and focusing ach one Th 
onstruction of such an apparatus is described 

The routine techniques of microscopy are no different 
xcept for the use of high intensity light sources to over 


ome light absorption by the complex optical system 


References 
Fig. 4. Camera carrier and microscope mounted on 
optical bench improvised from Shopmaster woodwork 
ing equipment The syachronous motor drive and the 


hve am splitters have been removed 
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SENSITOMETRIC CONTROL FOR CONTINUOUS 
PROCESSING MACHINES 
Wayne R. Pierce* 
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Fig. 2. Comparator wedge used in AF Densitometer 
to estimate “speed” and gamma values from sensitometri« 
strips An accuracy of £0.10 gamma is claimed 


nsitometer was designed for use with both high-spe | 
orrection and 
1, so that no 


materials of 


films and enlarging paper suitable color 


neutral-density filters have been provide 
lamp ist 


hange in che quired for widely 
lifferent spe ! 
Ihe second 


ing sink, is designe 


component, a small sensitometri 


iT ve lop 
> f 


to process two l6mm by 

tanks 

It 1s about 18 in. square and 36 1n. high when completely 
ked for shipment The rat 


ble so that developments 


ensitometric strips simultancously but in separat 


of agitation ts adjusta 


an be mad to orrespond to 


those obtained in the continuous processing machin 


from 65 to 9O Fahrenheit with a 
has been provided Suirabl 
proc 


Temperature control 


onerol accuracy of 


timers have orated to time the ssing 


been MCory 
ycle for both film and paper 


The Small, Portable Densitometer 


Che final prece of equipment ts a small, portable dens: 
Alchough commer ial 
would meet the Al 


ight t was felt 
| 


tometer several models wer 


ivailable which 


17 and Ww 


requirements for 
from an 
h would read sensitivity 


strabl 


training problems and would 


that operating 


tand-poimt a nsitometer whi 


and gamma directly would be dé Such an instru 


ment would redu th 


minimize the resistance of operating personnel to sensito 


metric control method 


Early attempts to construct a direct reading densitom 


re made by comparing the sensitometric strip 


lirectly standard densities 
feasible 


{in matching strips of different imag 


against certain This ap 


proach was found to be However, the dith 
ultices encounter 
with the accuracy 
lecided that 


r such as che 


olor and gram structure intertered 


and reproducibility of the method It was 
ifaioh a tield 


cafl-Purdy'’ were 


ld within type densitomet 


Caps utilized, betrer results would be 


rb caine Eastman 


Color 


Subsequently th wedge on an 
Model | was i 
lithculoes of this m 


und the tun 


ted Th 


Densitometer modit 


ronal thod wert ort 


26 


AF densitometer currently being developed will be com 
pace and will operate cither from batteries or 110 v 
aiternating current 


So far the basic design of the densitometer has been 
liscussed but the method of computing the wedge densi 
ties required for the direct reading of contrast and speed 
has not yet been covered The method for their deriva 


tion will be amplified in the succeeding paragraphs 


gamma d¢ 
lifferent 
steps on the sensitometric strip This method of deter 
mining gamma has been suggested by Neblere 
others, however the manner in which it ts carried out ts 
perhaps somewhat unique Figure 2 1s a schematic 
lrawing of the comparator we lge showing the densities 
and identification The densities lettered A 
through G start at 0.80 and increase in increments of 
1.03. The numbered densities | through 14 start at 1.13 
and also increase by 0.03 increments To measure the 
gamma, the operator simply matches one of the lettered 
lensitics A through G with the appropriate density on 
the sensitometric strip. He then moves the strip two 
steps in the direction of greater density (for example from 
step 9 to 11) and matches the density with one of the 
numbered 1 through 14 The gamma is then 
lirectly from a scale located on the body of the 
lensitometer opposite the letter of the A through G 
series previously selected. Our tests indicate that the 
letermined gamma will be + 0.10 
gamma units. This is believed to be sufficiently accurate 
for the intended AAI application 


In this densitometer the measurement of 


pends on measuring the difference between two 


and 


their 


lensities 
read 


visually within 


The measurement of sensitivity of the photography 
material is predicted on the assumption that over a 
limited range of gammas, the sensitivity of the material 
can be determined as a function of density. Since the 
gamma produced by the AF developers normally does not 
change appreciably over the normal use period of the 
levelopers, this method has been found satisfactory for 
The 
lensities on the comparator wedge, 
are derived from one set of curves which vary by a Log 
Exposure difference of 0.04 and have identical gamma, 
namely 1.2. If such a set of curves are 
Figure 3, the difference in speed between curves A, B, ¢ 
D, E, ts shown as a difference in density for any specif 
step on the sensitometric strip. For example, 
that Step 11 has a relative sensitivity of 144 and a den 
sity of 1.2 (curve A), then a sensitivity of 158 (curve B 
is represented by a density of 1.26. In like manner the 
lensities and sensitivities for curves C, D, E, et 
letermined. Experiments have shown that this method 
will function satisfactorily if the test gamma ts not more 
than #02 units from the gamma usc 


sensitivities and their associated 


shown in Figure 2, 


proc css ¢ ontrol 


lrawn, as inf 


assum 


can be 


gamma in cal 


culating the wedge 


It is recognized that if the average process gamma ts 
1.4 of below | 

since with high gamma it may b« 
satistactory match between the wedge and the sensito 
) there wall be 


onfusion may result 
lifoule to attain a 


very much above 


metric strip, while at gamma below | 
two different sensitivity points for the same strip. For 
this reason three wedges calculated for average gammas 
of 0.90, 1.2 and 1.5 will be supplied for chis densitometer 
Because the subjects ts con 


brightness range of acrial 
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Fig. 3. Control chart tor estimat 
ing sensitivity of films from AF sen 
sitometric strips. The parallel lines 
are drawn at 1.2 gamma and are sep 
arated by intervals representing log 
exposure differences of 0.04 


thas ict ground photographs, higher 
gammas are required fer acrial film to effect adequate 
detail Ic is believed however 
will cover satisfactorily the 


Since the pro 


siderably less 
separation of subject 
that these thre« 
range of gammas normally encountered 
ess average for any particular combination of 
ing machine, film, and developer will fall within che 
range of one of the comparator we iges, it is not expected 
that frequent change of wedges will be required 

In addition to the sensitivity and gamma se 


wedges 


WOCCSS 


tions of 
the comparator wedge, two other densities have been 
added The 0.30 density labeled FG in Figure 2 
is used for determining maximum allowable fog and che 
).60 density labeled ‘‘DN"’ ts used as a guide to insure 
that duplicate negatives are given sufficient exposure so 
that the densities of the original will be printed on th 
straight line portion of the characteristic curv: 


Application to Control of Processing Solutions 


The most clementary application of sensitometry to 
control of negative processing 1s achieved when a sensito 
metric exposure is placed on the end of each roll of film 
to be processed This form of control gives information 
concerning the processing received for any specific roll, 
but due to variations in speed and contrast of different 
emulsions any changes which may occur tn the processing 
solutions may be obscured. Some AF processing labora 
torics have adopted this technique since, in cases wher« 
the processed negative appears to be abnormal, the 
cause of the difficulty, whether it be processing or nega 
tive exposure, can be traced more readily 

A further improvement in sensitometri 
be achieved if several rolls of the same 
aside for check purposes. In this case a 
of the check emulsion, with a sensitometric exposure, ts 
spliced into the rolls of film being processed. This 
method has been a standard technique in the motion pi 
ture field for many years. It has its limitations however 
variations in machine speed and developer tem 
perature will affect the results, thus masking the varia 
to the developer strength. Since many extra 
possibility of a 


machine is increased 


ontrol can 
emulsion are set 
small section 


since 


tions duc 
splices are required during the day, th 
broken splice in the processing 
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Fig. 4. Record of sensitometric determinations from 
film samples processed in a sensitometric “sink” using 
fresh developer (horizontal line, zero axis) and de- 
veloper samples withdrawn at intervals from the con 
tinuous processing machine 


This may result in damage to valuable acrial film which 
has been obtained at great expense and at the possible 
risk of human lives 

A more promising approach for the control of solution 
strength is to withdraw samples of the developer from 
the proc 
against a sample of the fresh developer The 
metric sink has been designed for this purpose 
the test strips have been processed simultaneously in 
fresh and replenished developer, variations due to emul 
temperatures, agitation, et been automati 
cally eliminated. Figure 4 shows a typical record from a 
run on a 7Omm machine The 
linear footage of Type 1B Class L 70mm film is marked on 
the horizontal, axis, and the percent change in speed 
and gamma during the processing run is marked on the 


ssing machine and test them sensitometrically 
scnsito 
Since 


sions have 


continuous processing 


vertical axis 
tained with the direct reading densitometer; the 
line represents the charted 
The change in developer activity 1s noted by th 
and gamma lines. In thi 
formulation, 
ontrasct of th 


The solid line represents the values ob 
broken 
values for the same strips 
lown 
ward slope of th speed 
in f plenisher resulted in 


Ase an rror 


the gradual change in th speed” and 


leve loy ing solution 


Preparation of Duplicate Negatives 
In the AF th 


is a required task In 


luplication of reconnaissance negative 
their two specifi 
luplhi Ate negative is to 


preparation 
requirements must be met if th 








vf the original! 


reproduce accurately the tonal rendition 
negative All che densities of the negative 
must fall on the straight line portion of the characteristi 
for both the intermediate positive and che lupli 
cate negative, and the development of the two must be 
such that the reproduction gamma ts These 
conditions can met if sensitometric control ts 


original 
curve 


unity 
only he 
used 

To apply sensitometry to the production of duplicate 
Negatives, a sensitometri is first made on the 
film used for making the intermediate After 
development the gamma is measured in the usual manner 
and the for the 
determined by comparing a highlight lensity 
DN 


intermediate positive is then printed on duplicating film 


exposure 
positive 
correct printing exposure positive is 
with the 
density on the density comparator wedge The 
and its development is adjusted so that the product of 
the gammas for the intermediate positive and the dupli 
cate negative will cqual unity The depth of the dupli 


Cate negative is determined by omparing the lightest 
shadow area with the DN lensity of the density 
comparator wed g¢ If desired the contrast of the origs 


altered on the duplicate by a delib 
it so that the product of the 


nal negative can be 
erate change in developm« 


gammas 1s no longer unity 


Application of Sensitometry to Printing 


Unlike the commercial 
large supplics of materials from one manufacturer, Al 
units must contend with rolls of paper supplied by a 
number of suppliers. Since vary in 
speed by as much as two lens stops, an casy method for 


photofinisher who obtains 


these papers may 


determining the emulsion sensitivity of 


This may be a 


papers is re 
quired mak 
ing prints on a sample of paper taken from each roll, but 
this method ts both laborious and time consuming. A 
simple sensitometric onsidered easier to make and 
sufficiently accurate for the 

After che 
scensitometric 


omplishe 1, of course, by 


tcst is 
purpose 
correlation has been established between the 


spec 1"’ and che paper sensitivity setting 
on the printer the operator need only to expose a sampl 
of the paper to ch 
wedge previously described The 
essed strip, ts derived by sele 
before D Max as the “‘speed 
represent a double in ‘‘speed, 
the printing “speed 

To establish a correlation between the printer and the 
sensitometri three steps are j 


require J 
Once these steps have been completed no further calibra 


scensitometric 
of the 
visible 


fourth root-ot-two 
speed pro 
ting the last 


Since four steps 


step 
point 
it 1s possible to estimatc 
to the nearest quarter of a lens stop 


spcc / basic 
} 


tion will be required until some change either in the 
printer of the processing con litions has occurred The 
three steps are as follows 

] A correlation between the sensitometric strips 


processed in the processing sink and those processed in 
the processing machine must be established. This step 
is necessitated by differences in rates of development for 
various manufacturers pap rs. in Table 1, typical rates 
of development for two different 

Paper A develops much more slowly than Paper B, cons« 
quently the ‘speed’ relationship between the two papers 
does not remain constant for all developing umes. This 


Papers are presented 


28 





Table 1 


RATE OF DEVELOPMENT FOR PHOTOGRAPHIC PAPERS 
Tin f 
Devel ypment Relat SS | 
Seconds Paper A Paper B Differ 
45 1.25 4.0 5 
“ . 4 00 Oo 
) 4.25 ys 
, 5 4.25 x 
improper correlation between the processing sink and 
processing machine will result in erroncous ‘‘speed 


relationships 
2 The paper printer 
must be evaluated to determine what the markings mean 
in terms of actual photographic exposure If this step 
has already printer manufacturer, it 
may be climinated from the calibration procedure 
,) Lastly a 


sensitivity calibration on the 


been done by the 
between the sensitometri 

speed" and the paper sensitivity setting, common to all 
roll printers, must be madc This may be accomplished 
by making a series of prints at different paper sensitivity 


calibration 


settings and developing them in the continuous process 
sensitivity setting on the 
printer for the best print can then be related to the 
sensitometric ‘speed In the case of variable contrast 
papers the prints should be made using a negative which 
best fits a No. § filter With graded papers it wall be 
necessary to separate correlation for each 
grade of paper This 1s required since the sensitometric 
speed’ measures the exposure required to reproduce the 
leepest shadow When paper is used which 
does not fit a test negative, detail in either the highlight 


ing machine The paper 


establish a 


a graded 


or shadow area of the print must be sacrificed. Conse 

quently sensitometric spec is’' correlated to one grade of 

paper will not indicate satisfactorily the printing 
speeds” required for other grades of paper 


So far no mention has been made of a method for the 
simplified determination of contrast for photographi 
papers. Work ts in progress to determine the type and 
extent of contrast measurement which will be required 
This information has not progressed sufficiently to be 
included at this time 


Conclusion 


This method of control is considered satisfactory for 
Air Force use As soon as equipment becomes available 
and time permits it will be applic! to all continuous 
printing and processing operations. Normally specifi 
systems will be designed for any particular type of opera 
tion such as 70mm, 9 acrial, film and 16 or 35mm 
motion picture film. It will be necessary to incorporate 
this system into AF training programs and to include it 
in the basic photography course for photographic tech 
This system has been developed under th 
of other branches of the Armed Forces and 


nicians 
cognizance 
will be available for their us« 
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